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Abstract. The paper presents the study of the friction, by using tests, in the sliding
translational oscillating motion of the steel on PA46 relative to the steel on PA66 type
materials by considering as variables the testing parameters as: the load, the velocity and the
operating temperature. The paper starts with a study of the literature and, according to that,
presents the main conclusions regarding the sliding friction of the steel on PA66 and PA46
type materials and identifies the lacks of the results. The tests are performed on an oscillating
motion type tribometer module. First, it is made a running-in program, for each of the
materials, at 25 and 90°C, a load of 5 N and a frequency of 1 Hz for one hour; after that, there
are performed tests at 90°C and 120°C, at loads of 3 N, 5 N, 7 N and at frequencies at 0.25 Hz,
0.5 Hz and 1 Hz. The results are presented for the PA46 type material relative to the PA66
material. The conclusions indicate in which conditions and with which advantages are used the
PA66 and PA46 polyamides in the case of oscillating translational motions.

1. Introduction

The steel on PA66 and PA46 polyamides contacts have many applications in the case of sliding and
rolling type frictions due to the small friction properties and small wear and deformations at high
temperatures — food industry, automotive industry, mechanical transmissions used in open-air etc. At
the beginnings of using the PA type materials, the PA66 was widely used due to its mechanical
properties; in time, there were developed new PA type materials — as PA46 — with increased properties
for friction and for their behaviour at different loads, velocities and temperatures. The literature
presents many practical applications for each of these two materials (PA66 and PA46) depending on
the working conditions.

The tests achieved in [1] shows that the PA46 polyamides have lower sliding friction with 20 —
30% than the PA66 polyamides; these tests have been performed at a temperature interval of 125 —
160°C for normal pressures between 0.5 and 5 MPa on a rotary module with high speeds — between
1000 and 4000 rpm.

Chiu and Kao are concluding in [2] that the PA46 polyamides are conserving their crystalline
structure at high temperatures (up to 210°C) and due to that are conserving their mechanical properties
more stable than PA66 [3].

The PA66 and PA46 polyamides in combination with steel with sliding friction are used mainly in
automotive industry as materials for gears such as electric power steering (EPS), lifting mechanisms
for the windows, adjusters for the seats, mechanisms for the sun roofs [4]. The tests performed in [4]
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and [5] show that the PA46 polyamides have a better behaviour according to the development of the
wear than the PA66 polyamides.

According to the study of the literature, the paper presents the experimental study of the sliding
friction behaviour in the case of oscillatory translational motions of couples of materials — one made
by steel and the other made by PA46 type material relative to the PA66 material — for different
loadings, velocities and temperatures.

2. The equipments
The tests are performed on a UMT type tribometer [6] which allows the data acquisition to a computer
as it can be seen in figure 1. The tribometer is equipped with a 2D force sensor with the range F=10 ...
1000 N and the resolution R,=50 mN. The vertical stroke is =150 mm with the speed of »,=0.001 ...
10 mm/s. The lateral positioning stroke is /=75 mm with the speed of v~0.01 ... 10 mm/s; the lateral
positioning resolution is R,=2 pm. The accuracy of the wear measurements is R,=50 nm. The
temperature can be controlled in the oil bath up to #=150°C.

Figure 2. The reciprocating module.
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The translational oscillatory motions are achieved on the reciprocating module which is one of the
tribometer’s components [6]. On the reciprocating module — figure 2 — there may perform tests for
point, line and area type contacts between couple of materials as metallic on metallic, metallic on
plastic or plastic on plastic. The module is equipped with a force transducer which allows to measure
loads up to F=1000 N with a resolution of R,=1 uN. The stroke of the reciprocating module can be
controlled in an interval as s=0.05 — 25 mm with a frequency of the motions as v=0.1 — 60 Hz.

3. The tests
The tests are performed for the contact between a steel plate and a PA66 and a PA46 polyamides. The
steel plate is mounted in a holder which is acting with a normal load on the plastic materials which are
mounted in the reciprocating module — figure 3.

B

Figure 3. The mounting of the steel plate and the plastic material.

Before the tests it is made a running-in program, for each of the materials, for two temperatures — at
25 and 90°C, a load of 5 N and a frequency of 1 Hz for one hour in order to stabilize the value of the
friction coefficient; during the running-in program the system is measuring the friction coefficient and
the wear.

The tests are achieved at 90°C and 120°C, at loads of 3 N, 5 N, 7 N and at frequencies at 0.25 Hz,
0.5 Hz and 1 Hz; during the tests the system is measuring the friction coefficient.

The results are given as relative values of the PA46 to the PA66 due to confidential reasons
imposed by the producing company.

4. Results and conclusions
Due to confidentiality reasons, the percentage difference of the wear for the PA46 material relative to
the PA66 is presented in figure 4, depending on the two temperatures used in the running-in process.
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Figure 4. The wear percentage difference of PA46 relative to PA66 material.
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After the running-in process at a temperature of 25°C, the PA46 material has a smaller wear with
83.33% than the PA66 material; for a running-in process at 90°C, the wear for the PA46 material is
smaller with 33.33% than the wear for the PA66 material.

Due to confidentiality reasons, the variation of the percentage difference for the friction coefficient
of the PA46 material relative to PA66, depending on the normal load, is presented in figure 5, for two
temperatures used during the tests (90°C and 120°C).
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Figure 5. The variation of the percentage difference for the friction coefficient of PA46 relative to
PA66 material with the normal load.

According to the results, the friction coefficient is decreasing with the increasing of the normal
load; smaller relative friction coefficients of PA46 to PA66 are obtained for high temperature (120°C)
in the case of high loads (for instance for a loads of 7 N which is equivalent to a local pressure of 0.36
MPa the friction coefficient at 120°C can be with 5% smaller for the PA46 type material than the case
of the PA66 type material).

Due to confidentiality reasons, the variation of the percentage difference for the friction coefficient
of the PA46 material relative to PA66, depending on the motion frequency, is presented in figure 6, for
two temperatures used during the tests (90°C and 120°C).
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Figure 6. The variation of the percentage difference for the friction coefficient of PA46 relative to
PA66 material with the motion frequency.

According to the results, the friction coefficient is decreasing with the increasing of the motion
frequency; smaller relative friction coefficients of PA46 to PA66 are obtained for high temperature
(120°C) in the case of high frequencies of the motion (for instance for frequencies bigger than 0.5 Hz
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which is equivalent to speeds bigger than 2.33 mm/s, the friction coefficient at 120°C can be with 5%
smaller for the PA46 type material than the case of the PA66 type material).

Due to confidentiality reasons, the variation of the percentage difference for the friction coefficient
of the tested materials, for the temperature of 120°C relative to the temperature of 90°C, depending on

the motion frequency, is presented in figure 7, for the normal loads of 3 N, 5 N and 7 N.
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Figure 7. The variation of the percentage difference for the friction coefficient , for the temperature of
120 °C relative to the temperature of 90 °C.

For the same applied normal load, the PA46 type material has a smaller increase of the friction
coefficient (the maximum increase is with 7.8%) than the PA66 type material (the maximum increase
is 17.5%) and that increasing is more stabilised with the increasing of the motion’s frequency.

As general conclusion, the PA46 type material has a more stabile behaviour of the friction
coefficient in combination with steel plates when it is used for oscillatory translational motions than
the PA66 type material; the values of the friction coefficient for steel/PA46 contacts are smaller in the
case of high temperatures (120°C), high loads (equivalent for local pressures bigger than 0.36 MPa and
high speeds (bigger than 2.33 mm/s); the wear during the running-in process is also smaller for the
PAA46 type material instead of the PA66 type material.
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